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Objectives : Stable peri-implant soft tissue around transmucosal zone are the crucial factor for long-term success 

and survival of dental implants. The aim of this study was to evaluate the expression of proinflammatory cytokines and 
chemokine around 3 types of abutment materials : titanium (Ti), zirconium oxide (Zr) and gold alloy (Au).  

Methodology : 15 dental implants were enrolled in this study. Clinical parameters and peri-implant crevicular 
fluid (PICF) were collected at weeks 4, 6, 8 and 10. The soft tissue characteristics were demonstrated using plaque assessment 
score and mucosal condition score. Cytokine levels were determined by enzyme-linked immunosorbent assay (ELISA). 
Nonparametric statistics were used to describe the comparison of abutment materials and cytokine levels.  

Results and Discussion : At 4,6 and 8-week of healing period, gold alloy abutments induced the highest level of 
IL-1beta and IL-6. In pairwise test, there were significant differences in IL-1beta at week 4 and 6 between Au and Zr abutment 
p-value 0.024 and 0.032, respectively. For Au and Ti abutment, statistical significances were observed at week 4, 6 and 8 p -
value 0.015, 0.022 and 0.033, respectively. The analyses compared values of weeks 4, 6, 8 and 10 sh owed there were no 
significant differences in IL-8 between abutment materials. The average surface roughness of abutment material was reported 
similar roughness.  However, different materials exhibited different plaque and mucosal condition score. These findings 
supported the implant abutment materials have an influence on the immune response. 

Conclusion : Gold alloy abutment induced higher levels of IL-1beta and IL-6 in PICF when compared with 
titanium and zirconium oxide abutment at weeks 4. 6 and 8 whereas no significant differences in the expression of IL-8 all time 
points. Higher plaque score and mucosal tissue conditions were reported in gold alloy abutment. Therefore, strict  oral hygeine 
instructions should be given to patients when using gold alloy abutment especially in early healing period.  
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BACKGROUND AND RATIONALE 

The success and sustainability of dental implant depends upon both mechanical effect 

and biological effect of dental implant toward hard and soft tissue.(1-3) Dental implant must 

be placed in proper position and angulation to gain thickness of labial bone and soft tissue.  

Utilizing a suitable implant abutment, esthetic outcome can be achieved.(4, 5) Consequently, 

the sustainable of the pleasing appearance depends on tissue responses. Soft tissue attachment 

with keratinized mucosa in the transmucosal zone at dental abutment level serve as so called 

“a biological cuff” which is an essential parameter for preventing microbial invasion. The 

collagen fibers of the connective tissue around dental implant arrange themselves both 

parallel and circular to the implant abutment surface. Unlike Sharpey fibers in a natural tooth 

which penetrate toward cementum or “biological seal”, the junctional epithelium of the peri-

implant mucosa is attached to the titanium abutment surface with hemidesmosomes at basal 

lamina.(6-9) Because of a vulnerable gingival architecture around implant abutment, an 

abutment material used that can provoke any inflammation reaction of soft tissue must be 

avoid.  So far there are very few prospective human studies reported in this matter.  
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The cardinal signs of inflammation of soft tissue includes redness, edematous 

consistency (swelling), pain and bleeding on probing. If these clinical features appear, hard 

and soft tissue irreversible destruction occur. A recent human study reported with histological 

section of gingiva around dental implant abutment showed differences in the amount of 

inflammatory cells in various abutment materials used.(10) Other histo-immunological 

studies also presented with different responses of soft tissue toward different implant 

abutment materials. However, most of the studies were done in animal model.(6, 7, 11, 12) 

Currently, the evaluation of such cytokines in human model utilizing the peri-implant 

crevicular fluid (PICF) has been proposed as a noninvasive means of monitoring the healthy 

or diseased status of peri-implant tissue. (13) Biological mediators (e.g., cytokines, 

chemokine and bone markers) released by cells of the peri-implant mucosa can be used to 

characterize the responses of given abutment materials. (14) 
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REVIEW OF LITERATURE 

Since the osseointegrated implants in the treatment of the edentulous patient have been 

described in 1981, the implant-supported fix prostheses become the effective treatment of 

choice in oral rehabilitation. In modern dentistry the dental implants have been widely used 

in order to restore functions, comfort, speech, esthetics and health in partially or fully-

edentulous patients due to its high survival and success rate.(15-17)  

The crestal bone stability and healthy soft tissue are the important factor for long-term 

success of  dental implant.(1) Soft tissue attachment around dental abutments has some 

similarities to that of natural teeth including mucosa, junctional epithelium and connective 

tissue attachments. However, there are some differences between the connective tissue 

attachments around implants and teeth. In order to create biologic bond around natural teeth, 

the Sharpey fibers are oriented and inserted in cementum which makes the cementum an 

essential functional part of periodontium. On the other hand, the collagen fibers of the 

connective tissue around dental implant run parallel and circular to the abutment surface 

known as a cuff-like barrier. The junctional epithelium attaches the abutment surface via 
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hemidesmosomes at basal lamina. The peri-implant soft tissue attachment in the transmucosal 

zone of dental abutments serves as a biological seal which is an essential parameter for 

preventing microbial invasion. In addition, the peri-implant connective tissue shows poor 

vascularity and appears more like a scar tissue.(7, 11, 18, 19) (Fig 1, Table 1) 

Table 1 Natural tooth VS. Dental implant  (19) 

Parameter Natural Tooth Dental Implant 

Biological width 2.04 to 2.91 mm  3.08 mm  

Mean connective tissue 

width 

1.12 mm 1.66 mm 

Type of junctional 

epithelium attachment 

Hemidesmosomes  Partially hemidesmosomes 

Connective tissue 

attachment 

Perpendicular to the cementum 

(Sharpey fibers) 

Layer of proteoglycans, 20 µm 

thick 

Collagen fiber 

insertion 

Thirteen groups: perpendicular to 

tooth surfaces  

Two groups: parallel and 

circular fibers (as scar tissue) 
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Ratio of collagen fibers 

to fibroblasts 

60% collagen fibers to 5-15% 

fibroblasts 

85% collagen fibers to 1-3% 

fibroblasts 

Vascularity Greater 

Supraperiosteal and  

periodontal ligament  

Less 

 Supraperiosteal  

 

There are several factors influencing the transmucosal zone such as the surface topography, 

surface energy and chemical characteristics of dental abutment as well as the prosthetic 

components and connections. Abutments are considered one of the most important components of 

implant-supported restoration because they establish the connection between the intraosseous 

structure and the prosthetic part. It is crucial to control inflammation around dental implants to 

maintain the health of adjacent soft tissues, to decrease bone resorption and to increase the 

longevity of implants.(3, 5, 20) Therefore, the requisites to the long-term stability of an 

osseointegrated implant is the use of optimal biomechanical and biocompatible characteristics of 

dental implant abutment. (21, 22) 
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ABUTMENT MATERIAL  

Dental implant abutment is a critical part of implant treatment as a transmucosal component 

because they exhibit the relationship between the intraosseous structure (implant fixture) and the 

prostheses. Abrahamsson et al claim that abutment materials may play important roles in the 

prevention of crestal bone and soft tissue recession.(7) A variety of implant abutments differing in 

design and biomaterials have been introduced to achieve optimal mechanical, biological and 

esthetic outcomes. Long-term clinical studies on commercially pure titanium demonstrated 

excellent survival rates for fixed implant reconstructions.(3) In a recent systemic review, only a 

Figure 1 Peri-implant soft tissue zone around dental abutment 
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few complications were associated with metal abutments supporting fixed implant 

reconstructions. Therefore, titanium abutment represents the gold standard for implant restoration. 

However, the major drawback of titanium abutment is dark grey color. It may shine through the 

peri-implant soft tissue and cause esthetic problems. Another type of metal abutment materials 

has been widely used since 1988 is a customized cast metal that introduced by Beumer et al. The 

University of California Los Angeles known as UCLA abutment are the first customized cast 

metal component to be directly screwed into the dental implant.(23, 24) The yellow color of gold 

can enhance the pink color of gingiva which results in favorable esthetic outcome.(20) 

Nevertheless, the animal studies have been shown that no proper mucosal seal around gold 

abutment. As a result of less biocompatibility and higher pricing, their use has been 

decreasing.(10)  

In order to solve these problems, producing a densely sintered alumina ceramic abutment was 

introduced in 1993 by mean of computer-aided design – computer-aided manufacturing (CAD-

CAM) technology. Then, Glauser et al. described the yttrium-stabilized zirconia as an alternative 

ceramic abutment.(4) To date, milling technology facilitates precise component fabrication from 
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durable and esthetic materials. It is important for anterior region because peri-implant soft and 

hard tissue morphology have direct influence on esthetic outcomes and stability of implant 

placement. The proper selection of anatomical shaped implant abutment can help creating the 

proper emergence profile and supporting peri-implant soft tissue. Zirconia abutment offers a 

better esthetic outcome superior to titanium abutment especially in thinner peri-implant mucosa or 

patients with high or gummy smiles.(25) Besides the favorable color appearance, zirconia 

abutments have been shown in several studies with less initial plaque accumulation than titanium 

abutment.(26, 27) According to a systematic reviewed by Linkevicius and Aspe in 2008, animal 

histologic studies showed the reaction of peri-implant soft and hard tissues in titanium similar to 

zirconia.(5) In addition to human histological studies, zirconia has a better reaction of peri-

implant mucosa compared to titanium. This has also been confirmed in clinical studies. 

Randomized controlled clinical trial were conducted by Sailer and Zembic in 2009 to test the 

survival and technical and biological outcome between zirconia and titanium abutment. At one 

and three years in functions, zirconia abutment showed similarly in survival and technical, 

biological and esthetic outcomes as titanium abutment.(28, 29) There were no significant 
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differences in biologic and radiographic parameters as well as marginal bone loss after five years 

of function in posterior regions.(30) However, the mechanical properties of ceramic abutments 

that are brittle may be a shortcoming and prone to fatigue. Among all fractures, the highest 

fractures were reported for alumina abutments followed by zirconia abutment. There were no 

reports the fractures on titanium and cast metal alloy abutment for anterior region.(31) Recently, 

in vitro study showed wear of titanium platform in direct contact with zirconia abutment. The 

implant surface deterioration and the accumulation of titanium wear particles may affect 

osseointegration and health of peri-implant tissue. Therefore, the different mechanical properties 

of the titanium implant and zirconia abutment have to be concerned at the implant-abutment 

interface.(32)  

GINGIVAL CREVICULAR FLUID 

       The gingival sulcus is an area between the marginal gingiva and the enamel or cementum. It 

is bounded by the tooth surface on one side, the sulcular epithelium on the other side, and the 

junctional epithelium as its most apical point. The crevice or the pocket is bathed by the gingival 

crevicular fluid, which carries the soluble immunological contents.(33) Gingival crevicular fluid 
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is defined as a serum transudate or an inflammatory exudate of the periodontal tissues, in health 

and disease, respectively. Exudate is the result of an increase in the permeability of the vessels 

underlying junctional and sulcular epithelium, allowing plasma to leak into the crevice. 

Moreover, an exudate contains higher content of protein, including major plasma proteins and 

immunologically active components.(34) The gingival crevicular fluid acts as a medium for the 

carriage and transport of various bacterial products into the gingiva, or host-derived immune 

components outwards.(33) The cellular components of crevicular fluid include exfoliated 

epithelial cells from junctional or sulcular epithelium, bacteria from biofilm on the tooth surface 

and cells migrating from the blood circulation.(35, 36) The molecular elements of the gingival 

crevicular fluid include host enzymes, immunoglobulins, complement proteins, inflammatory 

mediators, tissue degradation products, cell-lysis components, as well as bacterial metabolic and 

lysis products.(33, 37) The numerous biomarkers in gingival crevicular fluid, proinflammatory 

cytokines [ e.g. TNF, IFN, IL-1, IL-6, IL-12, IL-17 and RANKL ], anti-inflammatory 

cytokines [ e.g. IL-4, IL-10 and IL-1ra ] and chemokines [ e.g. IL-8 ] have been suggested to be 

important mediators of inflammation. Local balance of these mediators that reflects local activity 
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of cells that produce them, determines the level of tissues destruction.(13, 37, 38) Eventually, the 

gingival crevicular fluid is a good reflection of the inflammatory state of the tissue. Because of a 

technical advantage of gingival crevicular fluid, it can be easily and noninvasively collected from 

the periodontal pocket. Most of the published studies used the analysis of the immunological 

content of gingival crevicular fluid as a diagnostic tool for periodontal disease.(13, 33, 34, 39) 

Protein immunoassays which are biochemical or antibody-based methods have been used 

extensively for the characterization of gingival crevicular fluid, such as immunoblotting or 

‘sandwich’ Enzyme-linked Immunosorbent Assay (ELISAs).  

INFLAMMATORY RESPONSE  

The properties of abutment may play an important role in crestal bone stability and healthy 

soft tissues which are considered for the long-term success of implant-supported restorations.(7) 

Peri-implantitis is defined as an inflammatory reaction around osseointegrated implant in function 

with loss of supporting bone. If inflammation is located only the soft tissues surrounding 

implants, it is described as peri-implant mucositis.(2) Two main etiological factors that contribute 

to the inflammation in peri-implant tissues are bacterial infection and biomaterial type of 
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abutments used.(3) Plaque accumulation can cause the inflammation of subepithelial connective 

tissue with inflammatory cell infiltrations. Following this, the connective tissue seal is loosely 

fixed. The clinical and radiographical signs of tissue destruction can be observed. (37) In recent in 

vitro and in vivo studies found that the surface roughness and surface texture in the micrometer 

may impact on the early healing by influencing attachment, orientation, proliferation and 

metabolism of epithelial and connective tissue cells.(3) Increased surface roughness has also been 

associated with increased osseointegration of dental implant. On the contrary, a higher surface 

roughness increases the biofilm formations especially transmucosal abutment surface.(40) Bollen 

et al. in 1997 determined the threshold surface roughness value of bacterial retention on titanium. 

The threshold value was Ra = 0.2 m. Decreasing in surface roughness below this threshold, no 

or only minor influence of the surface topography occurred on plaque accumulation.(41) In the 

same way, the effect of surface roughness on early plaque retention on titanium conducted by 

Rimondini and colleagues concluded that titanium surface with Ra  ≤ 0.088 m and Rz ≤ 1.027 

m prevented plaque accumulation and maturation at 24-hour time period.(42) Therefore, not 
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only the biocompatible materials but also the surface of prostheses component should be 

considered in order to obtain healthy soft tissue seal.  

The elevated levels of inflammatory biomarkers in peri-implant crevicular fluid is correlated 

with the destructive processes of peri-implant soft tissues. In clinically healthy periodontal 

tissues, inflammatory cytokines are present in low quantities being as factors mediating normal 

tissue homeostasis. Among the numerous biomarkers, proinflammatory cytokine [e.g. tumor 

necrosis factor (TNF)-, interferon-, interleukin IL-1, IL-6, IL-12, IL-17 and RANKL], anti-

inflammatory cytokines (e.g. IL-4, IL-10 and IL-1 receptor antagonist) and chemokines [e.g. IL-8, 

monocyte chemoattractant protein (MCP)-1 and macrophage inflammatory protein (MIP)-1] 

have been suggested to be important mediators of inflammation and immunity in the pathogenesis 

of peri-implantitis. Several researchers have attempted to use the biological markers to define the 

health status of dental implants. 

Interleukin-1 (IL-1) is produced mainly by macrophages and various kinds of cells such as 

neutrophils and fibroblasts.  There are two  IL-1 ligands with agonist activity, IL-1 and IL-

1.(43) IL-1 play an important role during wound healing enhancing wound epithelialization. 
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IL-1 is the major inflammatory cytokine occurring in the periodontitis. It regulates a biological 

effect including stimulation of collagenase and prostaglandin E2 (PGE2) synthesis, osteoclastic 

bone resorption and tissue destruction. The study by Kao et al showed the increased level of IL-

1 at peri-implantitis sites. They concluded that the result of higher IL-1 levels in failing 

implants can distinguish healthy versus diseased implants.(44) Similarly, there were significant 

differences in IL-1 levels in PICF from peri-implantitis sites in Masashi et al study that 

compared peri-implantitis, mucositis and healthy implants after loading 35.8 months in 

average.(45) Ataoglu et al. study exhibited the IL-1 and TNF- levels in inflamed gingival 

tissue had higher than those of in non-inflamed or slightly inflamed peri-implant tissue. This 

finding indicated that neutrophil elastase activity and IL-1 levels in PICF may be used to 

evaluate the status of implant health.(46)   Regarding the comparison of proinflammatory 

cytokine levels in dental abutment, the results showed that IL-1 and IL-6 levels in ceramic 

abutment were significantly lower than titanium abutment. Moreover, the higher levels of IL-6 in 

titanium and ceramic abutment compared with IL-1 levels.(47) 
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 Interleukin-6 (IL-6) is a proinflammatory cytokine synthesized by monocytes, 

endothelial cells and fibroblasts, which stimulates B and T cells activation in both acute and 

adaptive immune system.(48, 49) The study of Yuanyuan et al. concluded that IL-6 levels in peri-

implantitis and peri-mucositis higher than healthy implants. There were significant difference in 

IL-6 levels that associated with the plaque index, gingival index, probing depth and bone loss.(48) 

Furthermore, a significant difference was found in the level of IL-6 around peri-implantitis and 

healthy implants as well as between peri-implantitis and healthy teeth.(50) 

 Interleukin-8 (IL-8) is secreted by macrophages and epithelial cells. The expression of 

IL-8 triggered by IL-1 and TNF-. The primary action is a chemotaxis for polymorphonuclear 

leukocytes. Getulio et al. have analyzed the comparison of cytokine in PICF and GCF in healthy 

patients. Their results showed the level of IL-8 and IL- were higher in GCF than PICF at one, 

two, six and twelve months. In contrast, the levels of IL-6, TNF-, INF- were not significantly 

different and did not changed over time between GFC and PICF.(51) Norbert et al. concluded the 

correlation in the expression of five biomarkers (Il-1RA, Il-8, G-CSF, MIP-1β, and TNF-α) at 

zirconia implants and teeth, four biomarkers (L-1RA, IL-8, GM-CSF, and MIP-1β) at zirconia 
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and titanium implants as well. Zirconia implants had the levels of IL-1 and TNF- more than 

at teeth. However, no significant differences were found between zirconia and titanium 

implants.(52) Lists of cytokines and chemokines in this study were concluded in the table 2. 
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Table 2 List of inflammatory mediators  (38, 43, 53, 54) 

Group mediators Principal Cell Sources Target / Action and Biologic effects 

IL-1 family IL-1 monocyte, macrophage, 

epithelial cells, fibroblasts 

and dendritic cells 

increase inflammatory cell 

migration,  

increase osteoclastogenesis, 

neutrophil production, 

induce the secretion of IL-8 

Chemokines IL-8 epithelial cells and 

macrophage 

attracts PMN to the inflammation 

site, angiogenic activity,  

increases osteoclast differentiation 

and activity 

Th2 IL- 6 T and B cells, 

macrophages and 

epithelial cells  

stimulate B cell differentiation and 

T cell activation,  

induce acute phase response 
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RESEARCH QUESTIONS 

Do the peri-implant soft tissue reactions and cytokine expressions around different 

abutment materials from peri-implant crevicular fluid collection demonstrate similar 

characteristics? 

RESEARCH OBJECTIVES 

The aim of this study is to evaluate the effect of 3 different types of abutment materials, 

which are titanium, zirconium oxide and gold alloy on the cytokine expressions in the peri-

implant soft tissue by using peri-implant crevicular fluid collection. 
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HYPOTHESIS 

Null hypothesis 
 

The peri-implant soft tissue reactions and cytokine expressions around different abutment 

materials demonstrate similar characteristics. 

Alternative hypothesis 
 

The peri-implant soft tissue reactions and cytokine expressions around different abutment 

materials demonstrate different characteristic at least one group. 
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CONCEPTUAL FRAMEWORK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Factors influencing host response and peri-implant soft tissue reactions 

Patient’s oral hygiene 

Health status of peri-implant soft tissue 

Absence of attached gingival around dental implant 

Crestal bone loss 

Dental abutment 

• Titanium 
• Zirconium oxide 
• Gold alloy 

Dental biomaterials 

Cytokine expression 

• IL-1 

• IL-6 

• IL-8 

Status of peri-implant tissue 

Peri-implant crevicular fluid 

1. Biological cuff (connective attachment 
and hemidesmosomes) 

2. Minimum inflammation 

Immediate outcome 

Long-term outcome 
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KEY WORDS 

Dental implant abutment, Cytokine level, Peri-implant crevicular fluid, Enzyme-linked 

immunosorbent assay (ELISA) 

 

RESEARCH DESIGN 

 The study was carried out as a single-blind randomized controlled trial. The aim of this 

study was to compare the clinical evaluation among the intervention (zirconium oxide and gold 

alloy) and the standard abutment material (titanium) in terms of cytokine expression. The patients 

were blinded to the type of abutments used. 
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 RESEARCH METHODOLOGY 

DIAGRAM OF STUDY DESIGN 

 

 

 

 

 

 

 

 

 

 

Target population 

(Edentulous patients who need an implant restoration) 

Sample population 

Patients with posterior edentulous region who visit Esthetic restorative and Implant 

dentistry clinic 

Randomization (N=15) 

Received allocated intervention  

One operator 

Titanium abutment Zirconium oxide abutment Gold alloy abutment 

Peri-implant crevicular fluid 

Plaque assessment and mucosal tissue condition 

Outcome 

• Cytokine expression  
• Plaque score 
• Mucosal tissue index 

Enrollment 

Allocation 

Data collection 

Analysis 

One examiner 
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POPULATION AND SAMPLE 

Target population:  

Edentulous patients who need an implant restoration. 

Sample population:  

The patients with posterior edentulous region who visit Esthetic restorative and Implant 

dentistry clinic, Chulalongkorn University and met the following criteria. Patients who were 

planned to receive placement of AstraTech OsseoSpeedTM EV 4.8 dental implant were 

examined. All participants were explained about the study if they fulfill the inclusion criteria. 

Participants were asked to sign informed consent before enrollment in the project. 

Inclusion criteria 

• Healthy patients over 21 years of age 

• Having at least 1 implant-supported fixed partial prosthesis 

• Implant fixture placed at least 3 mm deeper from soft tissue margin 

• Sufficient residual bone volume for implant with diameter of 4.8 mm 
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• Inter-arch space > 5mm 

• Not underwent previous periodontal treatment for at least 3 months 

Exclusion criteria  

• Patient presented with systemic disease 

• Having immunosuppressant medications or antibiotic within 3 months 

• Pregnancy and lactating 

• Smoker 

• No conditions requiring chronic routine prophylactic use of antibiotics 

• Being a handicap that would interfere with the ability to perform adequate oral hygiene 

and attending all follow-up procedures 
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SURGICAL PROCEDURES AND ALLOCATION TECHNIQUE 

 The patients who met the above selection criteria and gave informed consent for 

participation were recruited into the study. The surgical preparations of implant placement were 

performed by postgraduate students who studied in the Esthetic Restorative and Implant Dentistry 

program under the supervision of an experienced surgeon. Each patient was randomized into 

either the treatment or the control group. Dental abutment was immediately installed instead of 

healing abutment and was reduced the height to avoid the contact with the opposing teeth both 

centric and eccentric movement. (Fig 2) All subjects were prescribed antibiotic (Amoxicillin 500 

mg tid) for 7 days and advised to rinse 0.2% chlorhexidine mouth wash for 2 weeks. The oral 

hygiene instructions were informed. Tooth brushing with modified bass technique and interdental 

cleaning with floss were recommended twice a day. A clean gauze pad wrapped around finger 

was advised to wipe in particular area of implant abutment. 

 The assignment of the abutment to a group was determined by the process of simple 

randomization with picking up an envelope so that each tooth had an equal chance of being 

assigned to either the intervention or the control group. The peri-implant crevicular fluid 
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Figure 2 Day-0 Surgical Implant placement 
a. Abutment was installed immediately after implant placement. 
b. Randomized abutment was inserted instead of healing abutment.  
c. The height of abutment was reduced to avoid the contact to opposing teeth  

collection was performed by a single operator.  

 

 
 

 
 
 
 
 

 

 

 

a 

b

 

c

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 29 

INTERVENTION 

Control Group: Titanium abutment 

Treatment Group: zirconium oxide and gold Alloy abutment 

Table 3 Type of implant abutments 
Group 1 Titanium 

The TiDesignTM EV 4.8 triangular shaped 

abutment with a diameter of 5.5 mm (product 

code 25340) for OsseoSpeedTM EV 4.8 implant 

from DENTSPLY Implant 

 

Group 2 Zirconia 

The ZirDesignTM EV 4.8 triangular shaped 

abutment with a diameter of 5.5 mm (product 

code 25322) for OsseoSpeedTM EV 4.8 implant 

from DENTSPLY Implant 
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Group 3 Gold-alloy 

The CastDesignTM EV 4.8 abutment with a 

diameter of 5.1 mm (product code 25328) for 

OsseoSpeedTM EV 4.8 implant from 

DENTSPLY Implant will be used and casted 

with gold type4 to the same shape and diameter 

as the abutment in group1 and group2.  

 

 

In order to control the surface roughness of implant abutment, all experimental abutments 

were measured the roughness value which were a profile roughness (Ra) and surface roughness 

(Sa) before allocating to the patients. Since gold alloy abutment was casted from dental 

laboratory, but titanium and zirconium oxide abutment were manufactured from the company. To 

reduce the effect of surface roughness on biofilm formation which might be involved the increase 

of cytokine levels, each implant abutment had to be polished until no significant difference in 
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surface roughness. Contact profilometer machine (Talyscan 150, Taylor Hobson, England) was 

selected to scan the surface of implant abutment, setting length X = 1 mm Y = 1 mm, spacing X = 

0.5 m Y = 5 m and speed 1000 m/sec. The raw data and statistical analysis of surface 

roughness in each abutment reported in table 10. 
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SAMPLE SIZE CALCULATION 

Power analysis was performed to determine sample size in order to detect a true effect of 

this study. This analysis normally was used to design a study prior to data collection process 

started. Since there were no previous studies within the same topics. We used data from pilot 

study where samples were collected at week 4 after an individual implant abutment was installed. 

It helps us to determine whether we should recruit more participants in order to yield a real effect 

from the population. The data in this analysis consisted of total 12 participants with 4 participants 

from each abutment material group. With actual data points and standard deviation of the pilot 

study data, F family of tests of Apriori one-way ANOVA, one of power analysis types, results 

were showed in the chart (Fig 3-5). We also set alpha value = 0.05 as a parameter in G-Power 

application. With this alpha value, it means we are able to accept that there might be 5% 

probability of inaccurately reject null hypothesis. We simply see from the test results that sample 

size of 12 provided power value 0.95 which was very high from IL-1β. For IL-6 and IL-8 

measurements, there were some data points that were unable to detect from ELISA. The IL-6 and 

IL-8 values in previous literatures were therefore took to estimate the best suitable values for 
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Figure 3 Apriori one-way ANOVA for power analysis of IL-1β 

where the values were missing in order to perform power analysis on both measures. With actual 

and estimated IL-6 and IL-8 values, power analysis suggested that we need at least 15 participants 

in order to obtain statistical power of 0.86 and 0.71 for IL-6 and IL-8, respectively. We actually 

reached 15 participants at the end of this study. Although we aimed to earn at least 0.80 statistical 

power for all three measures, we were unable to find additional participants in order to meet 

minimum number of samples for IL-8 due to scarcity on enrollment human participants. With IL-

1β and IL-6 alone, the study with total of 15 participants has enough statistical power which are 

0.986 and 0.86 for IL-1β and IL-6, respectively (Fig 3,4). 
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Figure 4 Apriori one-way ANOVA for power analysis of IL-6 
 

 

Figure 5 Apriori one-way ANOVA for power analysis of IL-8 
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 DATA COLLECTION 

EVALUATION OF THE ORAL HYGIENE  

Plaque Assessment around dental implant (55) 

Following abutment connection, a plaque control program was initiated and maintained for 10 

weeks. At each visit during the observation period the oral hygiene level was evaluated according 

to a 3-point scale. 

Table 4 Plaque score 
Score Description 

0 No visible plaque 

1 Local plaque accumulation 

2 General plaque accumulation greater than 25% 
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EVALUATION OF THE PERI-IMPLANT MARGINAL TISSUES 

Mucosal Conditions around dental implants (56) 

A simplified gingival index that has been proposed by Apse and associated, was used to assess 

mucosal tissue condition around dental implant. 

Table 5 Mucosal tissue condition index 
Score Description 

0 Normal mucosa 

1 Minimal inflammation with color change and minor edema 

2 Moderate inflammation with redness and edema 

3 Severe inflammation with redness, edema, ulceration and 

spontaneous bleeding without probing 
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PERI-IMPLANT CREVICULAR FLUID (PICF) COLLECTION 

Peri-implant crevicular fluid was collected at week 4, 6, 8 and 10 after the implant 

placement and obtained from four sites (mesial, distal, buccal and lingual). Supragingival plaque 

or calculus was carefully removed. The implant was isolated with cotton wool rolls and air dried. 

The paper points size M (Kerr, CA, USA) were introduced into the sulcus/pocket in the apical 

direction, until a little resistance was felt and kept in the site for 30 seconds. Strips visibly 

contaminated with saliva and/or blood was discarded. PICF absorbed from each strip was stored 

in 1.5 mL plastic tube containing 1000 µl of phosphate buffer saline (PBS), pH 7.2, supplemented 

with protease inhibitor cocktail (Roche Diagnostics GmbH, Mannheim, Germany). The samples 

were frozen at -80C for later analysis (Fig 6). 
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ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) 

Proinflammatory cytokine (IL-1β, IL-6) and chemokine (IL-8) concentrations in PICF 

were assessed using com`(57)mercially available ELISA kits. (ELISA MAXTM Deluxe set human; 

Biolegend, USA) The kits use a quantitative “sandwich” enzyme immunoassay technique. This 

kit contains assay human capture antibody, human detection antibody, human standard, 

streptavidin-HRP, reagent diluent, substrate solution and 96 well microplates. The assessment 

was performed according to the manufacturer’s instructions. Firstly, 96 well microplates were 

prepared by coating of the diluted capture antibody. Then, the sealed plates were incubated 

Figure 6 Peri-implant crevicular fluid collection  
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overnight at room temperature. After that each well plate was aspirated and rinsed with wash 

buffer. Secondly, the assay diluent A was added to each well and incubated at room temperature 

for one hour with shaking on a plate shaker. The plates were now ready for sample additions and 

incubation for 2 hours with shaking. Then the detection antibody was added and incubated 1 hour 

at room temperature. The working dilution of Streptavidin-HRP was added and incubated 30 

minutes with shaking. Finally, the substrate solution and stop solution were used. The well plates 

were determined the optical density using spectrophotometry 450 nm. Concentrations in each 

sample were determined by generation of standard curve. Then, the total amount of IL-1, IL-6 

and IL-8 in each sample was defined as pictograms per milliliter (Fig 7). 
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Figure 7 Enzyme-linked immunosorbent assay (ELISA) 
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DATA ANALYSIS 

 Table 6 showed the demographic variables in this present study with statistics. The 

outcome variables demonstrated in table 7. 

DEMOGRAPHIC VARIABLES 

Table 6 Demorgraphic variables 

Variable Type of Variable Statistics 

Sex  Categorical: dichotomous   Mode 

Age  Continuous  Mean, S.D.  

Edentulous region 

(Maxilla, Mandible) 

 Categorical: dichotomous  

 

 Mode 
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OUTCOME VARIABLES 

 Table 7 Outcome variables  

 

 

 

 

Variable Type of Variable Statistics 

IL-1β  

IL-6 

IL-8 

Ratio Scale  
• Kruskal-Wallis one-way analysis of 

variance and pair-wise with Dunn test  

Plaque score Categorical • Mode, Percentage 

Mucosal tissue 

index 
Categorical • Mode, Percentage 
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RESULT 

1. Demographic data of study sample 

15 Astra Tech OssepSpeedTM EV implants with diameter of 4.8 mm were placed in the first 

and second molar regions. The number of implant abutments in each group was divided equally 

by randomization technique. Table 8 described the demographic data of the study sample.  

Table 8 Demographic data of study sample 
Parameter Subjects 

Total population 15 

Age, mean ±SD Titanium                  57.4±3.78 

Zirconium oxide      63.2±8.23 

Gold alloy                48.2± 14.38 

Gender Male 9, Female 6 

Edentulous region Lower left 4, Lower right 6, 

Upper left 3, Upper right 2 
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2. Clinical parameters 

Clinical parameters and cytokine expression in peri-implant crevicular fluid (PICF) were 

investigated at healing period of 4, 6, 8 and 10 weeks. Plaque index and mucosal condition score 

were depicted in Figure 8 and 9. Regarding to plaque assessment, score of 2 was found only in 

gold alloy abutment (20%) at week 4. Then plaque scores were equally 20% for score 0 and 80% 

for score 1 at weeks 6,8 and 10. While plaque score of zirconium abutment performed better than 

other materials every week. None of the groups demonstrated moderate to severe inflammation of 

mucosal tissue. However, gold alloy abutment received higher percentage of mucosal tissue 

condition score of 1 than titanium and zirconium oxide. 
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Figure 8 Descriptive results of the plague index score 
 

 

Figure 9 Descriptive results of the mucosal tissue index 
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3. Concentration of IL-1, IL-6 and IL-8 

The present study compared the concentration of pro-inflammatory cytokines and 

chemokines in different types of abutment material and time points. This study had small sample 

sizes in each group. Hence, Kruskal-Wallis non-parametric test was used to assess the statistical 

analysis. Dunn test was also used in pairwise comparisons. The concentration of IL-1, IL-6 and 

IL-8 expressed in pg/ml are presented in Figure 10, 12 and 13.  

Following healing times, mean IL-1 values in titanium group were 65.59±58.61, 

52.63±59.11, 69.97±78.57 and 224.16±98.26 pg/ml, respectively. For zirconium oxide abutment, 

mean values of IL-1 were 63.63±20.87, 54.31±23.18, 127.86±51.74 and 226.25±89.25 pg/ml at 

week 4, 6, 8 and 10, respectively. While the mean concentration of IL-1 in gold alloy group 

were 226.68±63.39, 202.04±85.02, 196.95±55.05 and 261.90±43.08 pg/ml.  At weeks 4, 6 and 8, 

IL-1 levels were significantly higher in gold alloy abutment than in titanium and zirconium 

oxide abutment (p-value < 0.05). However, week 10 values of IL-1 levels were similar (p-value > 

0.05) (Fig 10). 
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The comparison of IL-1 between types of abutment revealed gold alloy were 

significantly higher than titanium and zirconium oxide groups at week 4 and 6. Whereas week 8 

showed gold alloy had higher IL-1 than titanium only (p-value < 0.05) (Fig 11). 

 

Figure 10 Time-dependent level of IL-1 (pg/ml) in different implant abutments. Values are 
presented as mean±SD.  
 IL-1 levels were significantly higher in gold alloy abutment than in titanium and zirconium 
oxide abutment at weeks 4,6 and 8 (p<0.05). While no significant changes were observed at week 
10( p>0.05).   
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Figure 11 Comparison of the concentration of IL-1 (pg/ml) between abutment materials at 
weeks 4,6,8 and10. Values are presented as mean±SD.  
Statistical significances were observed in pairwise using Dunn test (*p<0.05.)  
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 With respect to IL-6, the concentration of IL-6 was more prominent around gold alloy 

abutment when compared to titanium and zirconium oxide abutment which could not detected in 

peri-implant crevicular fluid at weeks 4, 6 and 8 (Fig 12). 

 The mean concentration of IL-8 (pg/ml) according to time points were 224.32±118.07, 

112.5±3.58, 90.73±42.05 and 139.25±97.53 in titanium abutment, 366.9±198.81, 239.87±334.98, 

84.65±44.86 and 152.52±79.31in zirconium oxide group whereas gold alloy abutment showed 

349.32±193.23, 126.59±132.19, 98.73±88.41 and 57.04±44.92, repectively. In general, the levels 

of IL-8 were decreased from week 4 to week 6 and quite stable until week 10. However the 

difference was not statistically significant in the levels of IL-8 between groups of abutment (Fig 

13). 
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Figure 12 Time-dependent level of IL-6 (pg/ml) in different implant abutments.  Values are 
presented as mean±SD.  
Gold alloy abutment had pronounced expressions of IL-6 when compared to titanium and 
zirconium oxide abutment which could not detected in PICF at weeks 4,6 and 8. 

 

 

Figure 13 Time-dependent level of IL-8 (pg/ml) in different implant abutments. Values are 
presented as mean±SD.  
The analyses compared values of weeks 4,6,8 and 10 showed there were no significant differences 
in IL-8 between abutment materials (p>0.05). 
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4. Percent of control 

Percent of control presented in table 9 and figure 14 using formula :  

Percent of change = Present Value−Pilot Study Value 

Pilot Study Value
× 100%   

Table 9 showed the individual’ values in percent of change following healing time. Graphs in 

figure 14 displayed the trend of percent of control of individual samples in 3 types of abutment 

materials. 

Table 9 Percent of change from week 4 in the individual samples 

Material Patient No. Week 4 Week 6  Week 8  Week10  

Titanium 6 0 -99.06 -67.52 103.3 

Titanium 8 0 -89.81 154.3 309.94 

Titanium 12 0 489.62 55.67 1577.66 

Titanium 14 0 6.93 -31.47 967.84 

Titanium 21 0 5 57.88 34.47 

Zirconium oxide 1 0 -70.08 30.83 238.87 

Zirconium oxide 5 0 59.97 198.85 668.85 
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Zirconium oxide 7 0 -37.93 95.94 -6.34 

Zirconium oxide 11 0 70.93 309.43 398.03 

Zirconium oxide 18 0 -22.35 1.16 247.01 

Gold alloy 4 0 -7.82 -39.83 -25.75 

Gold alloy 10 0 -48.34 35.54 44.19 

Gold alloy 13 0 34.5 -47.27 36.12 

Gold alloy 17 0 11.91 66.93 81.59 

Gold alloy 24 0 -35.47 -29.98 -11.57 

 

 

Figure 14 Percent Change (Baseline = week 4) 
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DISCUSSION 

Several periodontal indices have been suggested as diagnostic tool for assessing soft and hard 

tissue condition. Common clinical indicators such as bleeding on probing and probing depth are 

not reliable tools for the status of the peri-implant tissue. Healthy peri-implant mucosa can 

present an increase of probing depth over  4 mm and is not associated with bone loss. 

Correspondingly, bleeding on probing may reflect the nature of the scar tissue of peri-implant 

mucosa.(2, 58) The analysis of peri-implant crevicular fluid (PICF) has been used to assess the 

inflammatory mediators. It is obvious that peri-implant crevicular fluid (PICF) provides the 

essential information regarding the status of peri-implant tissue. Collection of peri-implant 

crevicular fluid is a noninvasive and relatively simple method to measure the immune function. 

This procedure can be used as an early detector of periodontal disease and healing or periodontal 

tissues.(39) There is increase in the production of various cytokines and adhesion molecules that 

promote the extravasation of leukocyte to the inflammatory site. Implants with peri-implantitis 

are associated with higher levels of proinflammatory cytokines than healthy implants.(13) The 

clinical conditions and soft tissue status based on the peri-implant crevicular fluid (PICF) may 
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predict and monitor the peri-implant tissue response. In the present study, the cytokine expression 

and the peri-implant mucosa reaction including plaque assessment and mucosal condition were 

evaluated. This experimental study used a sandwich ELISA method with a single array in each 

cytokine to assess the cytokine levels. Unlike, indirect ELISA, antigens with low or unknown 

concentration in the sample can be detected because the capture antibody only grabs the interested 

antigen and other proteins in the sample are washed away. This technique also has an individual 

standard curve. Sandwich ELISA is suited to the analysis of complex samples such as the 

measurement of cytokine levels in  the immune response. 

All subjects in this study had similar implant system (AstraTech OsseoSpeedTM EV) with 

diameter 4.8 mm and implant-abutment connection. Each implant abutment which was 

immediately installed instead of healing abutment was reduced the height to avoid the contact 

with the opposing teeth in all directions. Additionally, patients with healthy status, non-smoking 

and sufficient bone with no grafting were included in this current study. These complements may 

induce proinflammatory cytokine and chemokine, thus serving as the control factors. (58) 
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To examine the host immune response around different types of implant abutment, the 

proinflammatory cytokines and chemokine in peri-implant crevicular fluid (PICF) were assessed 

in this study. Interestingly, the overall trend of IL-1 throughout the follow up period gradually 

decreased from the initial healing period (week 4) to week 6 and then increased accordingly from 

week 6 until week 10. We can infer that surgical trauma stimulated the release of 

proinflammatory cytokine during initial phase of peri-implant wound healing, followed by bone 

remodeling activity and peri-implant soft tissue maturation around transmucosal area.(57, 58) 

Based on data from previous study, IL-1 levels in healthy implants, peri-implant mucositis and 

peri-implantitis demonstrated briefly in range 10-120 pg/ml, 100-325 pg/ml and 250-900 pg/ml, 

respectively.(44, 59, 60) Even though the expression of IL-1 in peri-implant crevicular fluid 

represented highest values in all materials at week 10, almost their levels reported not exceeding 

to peri-implantitis. Likewise, the expressions of IL-6 and IL-8 in different materials and time 

points were observed in healthy to peri-implant mucositis level. 

IL-6 levels in titanium and zirconium oxide abutment were not detected during 4-8 weeks of 

healing but some sample displayed at week 10. On the contrary, the concentration of IL-6 in gold 
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alloy exhibited in all weeks with a peak expression at week 6. IL-6 have been observed in 

response to acute surgical trauma in both soft and hard tissue. It stimulates B cell differentiation 

and T cell activation as well as links innate to adaptive immune systems by changing the nature of 

leukocyte infiltration from PMNs to macrophages.(58, 61)  

Previous studies claimed that there are the relationships between immune cells, inflammatory 

mediators and bacteria.(62) Plaque accumulation is correlated with the inflammation of soft 

tissue. In our study, higher level of IL-1 and IL-6 during week 4-8 concurred with higher plaque 

assessment score and mucosal tissue index found in gold alloy abutment group, while the result 

showed no significant difference in IL-8 between materials. Moreover, titanium and zirconium 

oxide group showed lower level of proinflammatory cytokine in peri-implant crevicular fluid 

(PICF) and also lower plaque assessment score and mucosal tissue condition. These results 

suggested that gold abutment materials induced more proinflammatory cytokines around dental 

implant compared with zirconium oxide and titanium.  

Implant abutment is considered as the connection between intraosseous and prosthetic part. It 

is a key zone around dental implant in order to preserve the crestal bone as well as maintain the 
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peri-implant tissue and adjacent structure. In the oral environment, the surface properties of 

material involve several conditions in early phase of biofilm formation and maturation. It is 

important for the selection of the material used in the transmucosal portion along with other 

physical properties. Various factors affect bacterial adhesion such as surface roughness, surface 

chemistry, surface free energy, purity, designs and connections.(62, 63) Regarding to plaque 

retention on abutment surface, a recent literature review showed that surface roughness can affect 

the biofilm formation and maturation. The rougher surface promoted more cell adhesion and 

microbial colonization.(62) Various surface roughness parameters were found in different reports. 

Linear profile (Ra) and surface (Sa) value are the most common used parameters. Bollen and 

associates concluded that Ra ≤ 0.2 m had no or lesser influence of plaque accumulation.(41) A 

study by Rimondini et al. investigated the proper polishing level of titanium in order to reduce 

early plaque colonization. Titanium surface with Ra ≤ 0.088 m exhibited the lower plaque 

retention on early 24-hour time period.(42) However, no definite surface roughness values has 

been introduced as a guideline for plaque deposit. In this study, different materials with extremely 

low surface roughness (Ra<0.06 m and Sa<0.08 m) exhibited different amount of bacterial 
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adhesion. Gold alloy performed the highest plaque retention under similar roughness. These 

results were in agreement with previous studies. In vitro study, zirconia, alumina-toughened 

zirconia, type III gold alloy and cp-titanium with similar roughness were evaluated the initial 

bacterial adhesion. Gold alloy showed the strongest values for all bacterial strains. Moreover, 

gold specimen showed the highest polar surface energy and the lowest nonpolar surface energy. 

They concluded that gold alloy should be used with caution as an abutment material to prevent 

peri-implantitis.(63)  Surface free energy has been proven as one of the factors of material to 

plaque retention. Previous study investigated the ability of bacterial adhesion to different 

materials. The results showed that the zirconia material and titanium blasted with zirconia surface 

exhibited lower surface free energy and lower the adhesion of experimented bacteria compared 

with polished pure titanium. The surface free energy demonstrated in reducing initial bacterial 

adhesion to smooth surface.(64) These findings are in contrast to the results of Zhao and 

colleagues which compared the tissue interaction to bacteria on surface materials of titanium, 

titanium-zirconium alloy and zirconium oxide. Zirconium oxide appeared with more biofilm 

formation than titanium and titanium-zirconium alloy because of the roughness of its surface. 
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They concluded that smooth titanium surface demonstrated suitable for soft tissue seal around 

implant abutment.(65) In vitro study about the effect of implant abutments on the bacterial profile 

and biofilm formation showed that titanium disk demonstrated lower biofilm mass and density 

than zirconium oxide disk. However, type of materials did not affect the bacterial profile around 

abutment.(66)  

Titanium, zirconium oxide and gold alloy are considered the materials of choice for 

transmucosal implant abutment. Commercially pure titanium demonstrated excellent survival 

rates and biocompatibility for implant restoration.(3) Over the past few years, the use of 

zirconium oxide abutment by using CAD-CAM technology has increased  because of the trend of 

esthetic dentistry.(30, 31) Titanium and Zirconium oxide is defined a non-resorbable bioinert 

metal oxide. Both of them appear an active metal with oxide layer on their surface. While several 

examinations reported differences in biofilm formation and soft tissue response on titanium and 

zirconium oxide materials, others demonstrated no difference between the material surfaces.   

The application of customized gold alloy known as UCLA abutment has decreased due to the 

cost of gold alloy. However, this abutment material has its abilities to solve several compromising 
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cases. Not only surface characteristics but also purity of abutment materials influence early phase 

of bacterial colonization as well as inflammatory mediators.(58, 62) Gold alloy abutments used in 

this experiment were fabricated using a yellow gold-based dental casting alloy (Minigold, Ivoclar 

Vivadent) by technician. The compositions were 59.5%Au, 2.7%Pd, 26.3%Ag, 8.5%Cu and 

2.7%Zn. The results of present study pointed to the highest concentration of pro-inflammatory 

cytokines in gold alloy abutment.  These data were correlated with the histological section studies. 

An animal study by Abrahamsson et al. reported that the mucosal attachment around gold alloy 

abutment was smaller in dimensions after 6 months of healing.(7) Another animal study revealed 

that soft tissue recession and bone loss were found in gold alloy abutment while titanium and 

zirconium oxide were stable at 5-month healing period. Moreover, the connective tissue zone of 

gold alloy abutment showed amount of fractions of leukocytes than other abutments.(67) 

Recently, a human study demonstrated that the amount and location of the inflammatory cells 

with the highest percentage were found in gold alloy group. Titanium and zirconium oxide 

reported similar mean histological attachment percentages while gold alloy had a significantly 

lower percentage.(10) 
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Having created charts (Table 9 and Figure 14) that represented percent of control with two 

types of measurement for an individual patient in each abutment material group using formula 

below: 

1. Percent of control = 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒

𝑃𝑖𝑙𝑜𝑡 𝑆𝑡𝑢𝑑𝑦 𝑉𝑎𝑙𝑢𝑒
× 100% 

2. Percent of change = 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒−𝑃𝑖𝑙𝑜𝑡 𝑆𝑡𝑢𝑑𝑦 𝑉𝑎𝑙𝑢𝑒 

𝑃𝑖𝑙𝑜𝑡 𝑆𝑡𝑢𝑑𝑦 𝑉𝑎𝑙𝑢𝑒
× 100% 

As the results, trends of how individuals react to abutment become clearer, but these charts 

did not help us achieve a goal of reducing high standard deviation of the underlying data. Besides 

the underlying of data cannot be changed from representing different values (percent of control 

and percent of change), these charts are also hard for person who without statistical background to 

interpret within a glance.  

Although these charts better represented individuals’ reactions to different abutment 

materials, this study aim to compare how abutment materials were different from each other. 

According to review literatures, these types of charts were not quite in research norms. With these 

additional drawbacks, the charts should not be included in actual paper because it may be 

misleading the objectives of this study.  
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Some might say this study had such a small sample size. Power analysis was performed to 

determine sample size in order to detect a true effect of this study. Having performed power 

analysis on pilot study data confirmed with only 12 participants can yield about 95% statistical 

power. This study ended up having 15 participants with the statistical power of 98% confirmed 

that this study had enough statistical power to confirm assumptions were made on this study is 

reliable.  
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LIMITATIONS AND FURTHER STUDY 

Collection of peri-implant crevicular fluid by means of filter paper strips is easy to apply to 

individual sites with less trauma. However, the disadvantage of this technique is the mean of 

estimating the volume of sample collected. The capillary tubing or micropipettes and the 

electronic measuring device (Periotron) should be used to determine the accurate peri-implant 

crevicular fluid volume and the sample composition.     

The inflammatory response in soft tissue is related to the oral hygiene of patients. Plaque 

control is the individual ability although the oral hygiene instruction was provided to every 

participant.  

Among implant abutments materials used in this study, the highest fractures were reported for 

zirconium oxide abutment.(31) In addition to implant surface deterioration at titanium platform, 

the wear of titanium fixture and zirconium oxide abutment interface have to be concerned.(32) In 

order to solve these problems, the cement-retained zirconia abutment with titanium base have 

been introduced into the market. 
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A further study with longer time points and the inflammatory response of zirconia-coping 

cemented on titanium-base (Ti-base) abutment should be conducted. A larger sample size is 

required to determine the effect of abutment materials to production of inflammatory cytokines. 

Moreover, other mediators should be evaluated in order to understand the biological process 

respond to materials.  
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CONCLUSION 

Within limitation of this study, gold alloy abutment induced the elevated level of IL-1 and 

IL-6 in peri-implant crevicular fluid when compared with titanium and zirconium oxide at weeks 

4,6 and 8, whereas the expression of IL-8 were observed no significant differences in all time 

points. Higher plaque score and mucosal tissue index were reported in gold abutment. The 

implant abutment materials with similar roughness have an influence on the immune response. 

However, gold alloy abutment has been still used in order to solve the compromising cases. 

Therefore, strict  oral hygiene cares should be given to patients when using gold alloy abutment. 
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APPENDICES 

The average surface roughness of each implant abutment material was summarized in table 

10. There were no statistic differences in Ra (p = 0.3) and Sa (p = 0.4) among dental abutment 

materials. 

Table 10 Mean values of parameters for surface roughness (mean±SD) 

Material Parameter Mean±SD 

Gold alloy Ra 0.041±0.01 

 
Sa 0.069±0.037 

Titanium Ra 0.034±0.008 

 
Sa 0.059±0.036 

Zirconium oxide Ra 0.036±0.005 

 
Sa 0.0398±0.021 
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 The raw data in this study showed in table 11. Values denoted as NA are non-detected 

values. 

Table 11 Raw data 
Week Material Patient 

No. 

Age Gender Region Plaque 

score 

Mucosal 

index 

IL-1 IL-6 IL-8 

4 Gold 4 53 F 3 1 1 278.8 NA 204.6 

  10 64 M 2 0 1 198.83 NA 204.6 

  13 52 F 1 1 1 234.8 3.107 637.3 

  17 25 M 1 2 1 133.05 NA 239.3 

  24 47 M 4 1 1 287.9 NA 460.8 

4 Titanium 6 60 M 4 1 1 126.7 NA 65.81 

  8 57 M 3 1 1 21.64 NA 225.2 

  12 60 M 3 1 1 14.55 NA 243.3 

  14 59 F 3 0 0 33.05 NA 192 

  21 51 F 4 1 0 132 NA 395.3 

4 Zirconia  1 56 F 2 0 0 82.78 NA 146.7 
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  5 77 F 4 1 0 33.05 NA NA 

  7 60 M 4 1 1 72.37 NA NA 

  11 64 M 2 0 0 51.56 NA 533.2 

  18 59 M 4 0 0 78.4 NA 420.8 

6 Gold 4 53 F 3 1 0 257 NA 189 

  10 64 M 2 0 1 102.72 NA 4.58 

  13 52 F 1 1 1 315.8 15.26 328.9 

  17 25 M 1 1 1 148.89 NA 56.68 

  24 47 M 4 1 1 185.79 3.44 53.77 

6 Titanium 6 60 M 4 1 1 1.19 NA 310.4 

  8 57 M 3 0 0 2.21 NA 66.69 

  12 60 M 3 1 0 85.79 NA 69.23 

  14 59 F 3 1 1 35.34 NA 22.38 

  21 51 F 4 1 0 138.6 NA 93.82 

6 Zirconia  1 56 F 2 0 0 24.77 NA NA 
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  5 77 F 4 0 0 52.87 NA NA 

  7 60 M 4 0 1 44.92 NA 625 

  11 64 M 2 0 0 88.13 NA 78.43 

  18 59 M 4 0 0 60.88 NA 16.19 

8 Gold 4 53 F 3 1 1 167.75 NA 243.3 

  10 64 M 2 0 1 269.5 NA 108.2 

  13 52 F 1 1 1 123.8 3.845 46.38 

  17 25 M 1 1 1 222.1 NA 82.3 

  24 47 M 4 1 1 201.6 NA 13.47 

8 Titanium 6 60 M 4 1 1 41.15 NA 88.9 

  8 57 M 3 1 0 55.03 NA 58.13 

  12 60 M 3 0 0 22.65 NA 82.58 

  14 59 F 3 1 1 22.65 NA 61.86 

  21 51 F 4 1 0 208.4 NA 162.2 

8 Zirconia  1 56 F 2 0 0 108.3 NA 156.7 
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  5 77 F 4 1 1 98.77 NA 52.01 

  7 60 M 4 0 0 141.8 NA 75.38 

  11 64 M 2 0 0 211.1 NA 94.63 

  18 59 M 4 0 0 79.31 NA 44.57 

10 Gold 4 53 F 3 1 1 207 0.484 126.3 

  10 64 M 2 0 1 286.7 NA 48.76 

  13 52 F 1 1 1 319.6 1.35 31.46 

  17 25 M 1 1 0 241.6 0.12 70.35 

  24 47 M 4 1 1 254.6 NA 8.32 

10 Titanium 6 60 M 4 1 0 257.58 0.66 303.6 

  8 57 M 3 0 0 88.71 NA 53.48 

  12 60 M 3 0 0 244.1 NA 94.36 

  14 59 F 3 0 0 352.92 NA 145.8 

  21 51 F 4 2 0 177.5 NA 98.99 

10 Zirconia  1 56 F 2 0 0 280.52 NA 226.8 
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  5 77 F 4 1 1 254.11 3.44 248.7 

  7 60 M 4 1 0 67.78 NA 73.99 

  11 64 M 2 0 0 256.79 NA 106.6 

  18 59 M 4 0 0 272.06 NA 106.5 
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